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ABSTRACT

Dovelopment of the long-period triaxial selsmometer and lahoratory testing of
its characteristics in eswentinlly complete, Manufacturing changes in the
mass-lock and period-adjust mechanisms are required before they can be
assembled on the seismometer for faboratory and fleld teste of the instrument,
Shake-table frequency responss, the effect of tumperature changes on mesws
position, and the effect of instrument tilt on the mass position and {ree period
are reported,
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LONG-PERIOD SEISMOGRAPH DEVE LOPMEN'T

I, INTRODUCTION

Thin report describes the work performed by Gaotech, A Teledyne Company,

in accordance with the Statement of Work to be Done in AFTAC Project
Authorization No, VIGLA T/6706, dated 11 March 1966, The project is under
the technical direction of the Ale Force Technical Applications Center (AFTAC)
and the overall direction of the Advanced Research Projects Agency (ARPA),

The report discunsus the progress mede on the development of & fong=period
(LP) triaxial seivmograph during the time period { April to 30 June 1967 and
deals mainly with design concepte, instrumaent iests, handling equipment, and
the schedule for future fleld evaluation of the instrumentation,

2, DEVELOPMENT OF A LONG-PERIOD TRIAXIAL
BOREHOLE SEISMOMETER, TASK 1)

2,1 GENERAL

Development of the experimental LP triaxial seismometer in essentinlly com-
plete, Some minor manufacturing changes are required beforc the improved
masa=lock and period-adjust mechanisms can be assembled, After thewe
changes are incorporated, it will be possible to begin lahoratory and fleld tests
of ua completely assembled mocule as part of an LP seismoyraph,

2.2 STATUS OF THE DEVE LOPMENT

Figure | shows one module of the triaxial selsmometer at a time during itw
assembly which corresponds to the end of this reporting period, The module
has & fully operational sensitive element and is shown; without ita Randolite
cane, &6 it was being prepared for lowering into a 80 ft deep test hole at
Ceotech's, Garland, Texas, plant, The module is not fitted with the compiete
mass=locking mechanism because finished parts were unavailable, The com-
plete triaxial seismometer has three selsmometer modules, two holelocks,

and & switch unit, Adapter rings are used to connect these units together in a
stack, The overall design of the system permits a single module to be operated
independently of the others,

TR 6751
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2.4, 1 Remote l.wveHngL

A motorsdriven two axis tiit table ts used to nutomatically prect vach sonnitive
eloment to the vertical position, ‘Thin table ts pointed out in figure b oand han
bheen dencribed in varlior gquarterly roports,

The tilt table automatically leveln in both the crosss=axin and the nenwsitivosaxins
planes under control of level senwors, When the module leveling circutt in
electrically nctivated, and {f the module i» not already at verteal reference,

the tilt table motors automatically operiate until the sensitive element approaches
the vertical reference In both the cross and sensitive-axin planes,

The crows axis lovels to within 7 arc minates under control of gravity sensing
mercury switches, The sonsitive axis munt he Inveled to a much higher pro-
cimion than that which can be obtained from the mercury switches, Since the
ultimate purpose of the leveling operation is to erect the sensitive eleraent to
ite operating position with the mans floating hetween the mass stops, the maws-
position monitor zan be used to make the senwnitive element the level venwor in
the nenaitivesaxis plane, Leveling in the sennitive=axis plane is, therefore,
nccomplished by feeding the output of the mask=ponsition monitor bridge circult
into a sensitive polarired relay, When the bridge is unbalanced (mawe located
more than 3 mm off center) {ts output operates the relay to control the direction
of rotation of the nensitive axis tilt table motor, The asnembly Iy designed to
poeition the mass on the side of center opposite that indicated by the maws-
position monitor, Therefore, the sennitive-axin tilt table will "hunt" and the
mann will continue to oscillate from stop to stop until power to the tilt table
motors in turned off, The table i# then lavel to within 15 arc secondn in the
sensitive-axis plane and the mass can he centered by an auxiliary mass adjust-
ment (saction 2,2, 2),

2.2,.2 Manr Position

Each seismometer module is equipped with a device (see figure 2) to remotely
center the inertial mass between itn limit ntops, The dovice, which consiute

of a motor-positioned auxiliary mass, in located on the main mass assembly

as shown in figure 1, The auxiliary mass weighs G, 58 kg (1.2 ib) and i»
translated in the plane formed by the axes of the two quarts booms, Translation
of the auxiliary mass shifts the center of gravity of the )0 kg (22, 05 1b) inertial
mawss, The auxiliary mass has a total travel of 7 mm and is limited at each
extreme by Microswitches which interrupt the mass=position motor circult,

The auxiliary mass moves at approximately 9, 2 mm/wsec and thus covers its
entire range in about 30 sec. Auxiliary maws movement, toward or away from
the triflexure axis (nee section 2,2, 3), langthens or shortens the inertial mass
moment armj therefore, the resultant torque which supports the mans in

oither decreased or increased and the mass position is altered accordingly,

The device has been completely tested in the laboratory and will center the mass
under all operating conditions after the selsmomater module has been leveled

as described in wection 2,2, 1,

-3.
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dodv Y Perfod Adjunt

The romotely operated period-adjust mechsniwm, whown in Hgure 3, in
mounted on the Inetrument aw ustrated in figure 1o The unit ie a motor s
driven dovico in which a forceo ts applied to the adjustable ip of the triflexure
anrombly,  The triffexure, which in the main pivol of the spring-mans nystom,
in denlgned to provide a small positive rostoring force to the spring system
(connl “ting of the triflexure pivot, three crossfiexures or Bendix pivots, and
the hehical coll apring), A tonsile force on the adjustable Lip of the triflexure
decreansn the internal loading of the triflesure and thervby increases the
positive resturing force of tha apring wystem, An increaso in the overall
restoring force shurtens the module frew period, The triflexure can be
operated with compression forces on the adjustable lip, thus producing nega-
tive rentoring forcen, but for the purpones of the present design, only powitive
rontoring forces are desired,

The seismomaeter medule freo poriod le udjustable from 10 to 45 secondns and
the ranga can be covered in about 15 minutes of period-adjust motor operation,
T'he remote change of module {ree perlod is not a linear time function since

It iw accomplished by changing the system restoring force, Sywtem restoring
forces at the short periods are naturally greater and, therefore, require
larger loads on the triflexure adjustable lip, Laboratory teste show that ubout
18 seconds of period=-adjust motor operation are required to change the module
free period from 25 to 24 secorde while about 2,5 minutes are required o
change from {i to 10 weconds, After minor modifications to reduce linkage
inefficiencien, succeanful testn of one period-adjust machanism were concluded,
Construction of the two remaining machanismas has been staited with complatio:,
expected early in July 1967,

2,2,4 Mass Lock

Difficulties encountered during assemnbly of the first masa-iocking mechanism
indicated that some redesign wauld be required if ucceptable reliability was to
be obtained, The basic design concept has not been changed; the 10 kg mans

is rigidly blocked and keyed to t pair of instrument atanchions; the Instrument
irame and magnet assembly is blocked with eccentric levers to a seccad pair
of stanchions; and the quartz booms are shifted into a new position by eccentric
cams that maintain the operational load upon the booms yet spring load the
trifloxure end to protect against damaging shock forces,

The redesign of the masas lock has buen completed and haw resulted in sig-
nificant simplification of the mechanisrn., For instance, a number of solid
shafte, goars, and bearings which wers used tc operata tlie various locking
functions were replaced with flexible shafts. The msss=locking mechanism
i atill & paper design and has not boen mocked up an 8 co:nplete assembly,
For this reason the effectivenecs of the device has not been evaluated and

|.5'
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final wpecifications will be forthcoming, After tentn are completed on the
inttial maww=locking mechentam, 1wo additional units will be fabricated, |
in axpected that all of the locking anwemblivw witl be available in August 1967,

3. PRELIMINARY TESTING OF THE LONG-PERIOD TRIAXIAL
BORKEHOLE SEISMOMETER, TASK |

3.1 CGENERAL

laboratory testing of the LP triaxial velsmometer is onnontially complete,
Obwervations and measurement of ita general characteristics have continued
for wevaral weeks, The weismometer has been operated in a low-gain
sedwmograph nyntem during much of this time,

3,2 SKISMOMETER

A number of specific tests have been made on the experimental velsmomaeter,
The results of a shakestable driven weismometer frequency response, the effect
of teamperature changes on mawns position, and the effect of instrumeni tilt on the
manss position and free period are reported in the following paragrephs,

The completion and (netallation of the masn=locking mechaniam will allow the
seismometer 1o be lowered into a 50 ft deep hole located at Geotech's Carland
plant for further operational tests, The lowering sequence and subsequent
operation uf the seismonmeter in a seismogriph system will provide deaired
handling experience before the field tests are started,

3, 2,1 Froguunex Response

Figure 4 shows the {requenzy response of the experimental Model 26310
seiamometer, Tests were run with the solsmometer free period wet at
23,25 soc and at 16, 48 sec, Apparently, anomolous data were obtained a\
frequencies lower than the resonant frequency of the instrument in that the
slope of the recponse curve in this range deviatea from the 18 dB/octave
slope normally expected from atandard rectilinear seiamometers using
velocity transducers,

The difficulty of making the shake=table teat was relatively savaze in the
period range of 100 to 20 sec because of the high level of selemic nolse at
Ceotech's Carland plant comparad to the low leve: of the seivmomaeter output,
In order to improve the signal-to-noise ratio during the shake=tahle tostn, a
Krohn-Hite Model 330AR band-pass filter was used to Attenuate the noise out»
side the band of interest, Since such a filter could conceivably modify the
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measured frequency response of the seinmometer, observation. e ninde at
the oxtreme frequencies of interont with the filter both connected snd dine i
connected,  In thin way, it was porsible to adjunt the pase band of the filier for
A flat frequency response throughcut the band of interest,

While it ia possible that the test inetrumentation and/or the manner in which the i
towt wan conducted led to the apparentiy anomolous results shown at the longer '
periods of figure 4, & more likely vxplanation appears to involve the geomes
try of the triaxial selamometer, Plans have b. i made to exnmine this powsi-
bility aw well an proparation for additional shake=table tests, 1t should be
recognived that a vertical shake table does not excite the mass of the triaxial
seinmoamaetar to the same amplitude of a comparable vertical selsmometer
under the same test conditions, The mawnws of the triaxial setnmometer in cone-
strainod to move along a lne inclined at 54°44" to the vertical, This Hne in

the senaltive or normal axis of the selmmometer and only the component of maws
motion nlong this axis in effective in generating a voltage an the coil movens
relative to the magnetic structure, Thus, for a given vertical shake-table
amplitude, the expected component of mass motion in the triaxial in 0,877 lons
(con 54944') than that of & vertical welsmometer. 'This factor in Important whan
comparing the shake«able derived frequency response of the triaxial to that
obtained by driving the masws with the calibration coll located on the 54944
inclined axiwn,

The generator constant (U) of the sighal er data coil can be determined from

the shake-table frequency response., Tho conatant determined i{s the vertical
component only and must be divided by 0,577 to provide the normal G oh-

tained in calibration coil frequency response tests, 'The G dutermined in thin
manner {rom the Ty » 23, 28 wec frequency response curve of figure 4 is

73,8 V ssc/m and that from the T, v 16, 45 nec curve in 86,8 V wec/m. The

86,8 V wec/m value compares favorably to the 7,2 V sec/m as calculated from
the cnll dimensions and the rnagnetic flux level, The variation in the value of

QG at the longer period from that at the vhorter {s unexplained for the prepent,

It should be pointed out that the value of Q as shown in figure 4 in from the exparis«
mental coil, The final coil demiyn will have & generator constant of 122 V wec/m,

3, 2.2 Temperature Effects

It was reported in earlier reports that testing of the experimental seismometer
element has revealed a tendenry of the maass position to drift with temparature

change. A» temperature is decreased, the mass has been consistently observed
to rise, This effect of temperature change 'on mass position can be referred to
as & 'negative' temperature characteristic, Karly tests with the firet engi«
neering model seismometer element have also shown this negative temperature
characteristic,

The magnitude of mass drift with temperature change s related to the free
period of the selsmometer, As the free pariod is increased, the amount of masw
drift for u given Lemperature change increases. The average mass position

change for the experimental module with a free period of 15,0 seconds, is
0. i mm/°F. Although the magnitude of the mass drift with temperature change

I9I
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in  related to the free period of the seinmomaeter, the ultimate source of the
drift does nut necenmarily origtnate with the period-dotermining mechaninm,
However, additional effort to tmprove masw=positton stahifity in planned since
the sunpension of the Model 26310 welrmometer in donigned for complete
temperature compensation,

To date, there has been iittle succens in finding the source of the negative
temperature charactoristic, A careful examination uof the selsmometer sus-
pension and tiltetable wystom suggented that one ponnible source might be the
manner in which the nennitive axin tiit-table drive motor was mounted, Changes
in the design of the mount did not give the expected improvement,

Figures & and 6 show the resuits of five tosts which were run using a hrass, an
aluminum, and a noncompenmated motor mount, The fallure of the aluminum
motor mount of test No, 5 to complete the improvement suggested by the hraws
motor mount of test Now, {, &, and 3 fed to the conclusion that mass drift with
temperature change could not be positively attributed to the senmitive axin tilt-
table motor drive syatem,

Since _he exparimental and the first engineering model selsmometer exhibit
approximately the same negative temporature charncteristic, it is vary Hkely
that the wource of the manss drift with tempseature change can be jound, {f the
sign of the temperature charactoristic had been oppounite hetween the two elements
thus far assembled, or {f the sign i» random among any of the elements to be
ansembled, the chances of finding the source of drift and Iimproving the teme '
perature characteristlc will be pvur, The probable gource of the deift (s suse
pected to be with an erroneounly aswumed coefficient of thermal expansion or
thermal modulus of elasticity,

Even though a null temperature characteristic is desirable, it (s unlikely to be
obtained in practice, especially at the longer periods, Any mass drift with
temperature change will incroase as the period is increased, At its present
state of development, the Model 26310 seismometer can be easily adjusted to
desired parameters and, therefore, should be satisfactory with regards to its
temperature cnaracteristics,

Figure 7 shows the history of & 70 h continuous run of the experimental
ielsmomaeter element made over a weekend at ambient room temperature,

The total maws drift was 2,7 mm for u 18, 2°F change in temperature with the
seismomaeter {ree period of 18,0 wec, On two consecutive days of the run, the
mass remained within 0, 45 mm of its position through a 4, 7°F change in
temperature,

3.2, Tilt Tffects

A series of tests showing the variation of the mass position and free period
as a function of selsmometer tilt in both the cvoss-axies and sensitivesaxis
planes were made at the request of the Project Officer, Figure 8 shows the

setup used in the cross-axis tilt tests with the selamometer mounted on a '
«10-
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"telewine' table,  1HU wan controlled by a Jackscrew and meanured by a nine
bar and micrometer, A more delicate control of (it wie required for the
tit towtn 10 the wennitivesaxin plane, The extramely small tlt range of

120 arc woc nocannitated the une of the Geotech Model 12760 tit able,

Filgures 9, 10, and 11 show ihe resultn of the it tomts in the senritive ~axims
plane, The tents were made with the seismometer adjunted to the natural
perfods of 10, 20, and 25 wec, rempectively,  An additionad test in the
sensitivesaxis plane wan made in which the mass was repositioned tu centor
by an auxillary mawn adjustment, The results of this tent are shown in
figure 12,

A wingle tewt wan mado with the seinmometer tilted in the crommeaxin plane,
The free period wan adjunted to 20 wec for this test and the results are shown
in figure |3,

The test results shown in figure 12 ave generally prodictable by consldering
the geometry of the instrument involved and the change In forcon with tilt in
the wensitive-axin plane, The resuits whown in figures 9, 10, {1, and 13 are
only canually predictable and thelr mignificance requires an intimate know«
ledge of the Instrument,

The tilt tests at the longer periods show a lack of "retrace" for the mans
position anc free period aw tilt wan returned from its maximum back to jts
reference or ''wero' value, This lack of retrace could be expected (although
its magnitude cannot be predicted) by considering the mechanical hystoresis
of the elaniic materialn and the deformation of the seismomaeter components
resulting {rom instrument tilt,

In order to get an idea of the mignificancs of the tilt=test results, a nearch was
made for comparative literature of other long-period nelamometer tents either
pubiished or unpublished, The nearck wan unable to locate any pertinent data,
Apperently, tilt tents of the nature described above are not generally made on
seiamometers of the long-period range involved, The fact that the tests could
be made on the Model 26310 seismometer is encouraging and may further cons
firm the atability of thir inatrument,

Figure 13 has a significance in addition to the tilt effects shown, In Quarterly
Repert No, 3, {t was reported that the precision mercury switches used as
tilt aersors in the ¢ ‘~ws~axis plane have & "dead' wone or a wone in which tilt
is not sensed, The . :nult of this dead rone caunes the seismometer to have a
tilt error in the cross ~xis plane at the ond of the tilt table leveling sequence,
However, since the mercury switches are a simple and reliable means of
controlling the crosseaxin tilt motor they will be retained for the present,
Figure 13 shows that the free period change as a function of cross-axie tilt is
sssentially flat, Thus, it may be expected that the free period will remain
unchanged, for all practical purposes, as the selsmometer is allowed to
recover from cross-axis tilt errors under control of the mercury switches,
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TR 6751




S 2
ST T T, e N5 TR N () e ¥ e Sl sk pe geod e ol
. -
il-ﬂl_-r = . - = = . = = N - [ 3
oy iTrw

Il..u_l —
_

———————d

CHI . B

A —

—_—
— j .
£
1 1
\
_— —
Tl Sewsalel

NS LWL =L WO ESel. Fe DL |
s TR WL SESTEC wOs e e ﬁ *

|
m
|

dfee (W) NOILINGY BEVH= NN

U

¥
-]

—_———————— 3 -

1 J-ﬂ

"
I

—t
TR 67.81




)

"

1 @ (W6} NOIA 1104 1EYN = pAG

L

1

\

(499 QuiNNd H3N4

TR 67-51




T T
....'..Ih

S P, PP W TR 2 i ey ¢ s wngreed sews gur penad an 71 iy

- Wy

[
PeS——— — I = ——

o PR

L. =T e s T
b e By SR T L

]
— - T -
— - i

D i N P
—

I T

(1) GOINRw DAY

-
H

W G (i) NOILINOM HIVH i NG

1|.

TR 6751




i s
iﬁil'i'l‘l‘!"‘lu'l! Ty
P g
L & T = =z = = _m v a @ 3 & LIS S s B = = = & & x = g o«
ok B ] W m M - GEC
S Gy = [ ]
- 2 0
N} { :
i H ,
L. A |

i & S

worer ) i

(Wpueses) 0OIMNY RBWA

ml'n

TR 67.81




impenaias GIEN7 PPN WE TSI SSRO [0 s, ¢ st arreed swes gee penad 330 Y anley

e e =L e AR LaET

L - T PR T S e
e P, LN BEEET el W

-0

A
]

\
\
k

—
|
|

-
!

TR 67.51




3.3 INSTRUMENT CONTROLLER

Awnombly of a tophole switching dovice, to actuate and control vartous circuite
of the LP triaxial selwmometor jocated downhole, ix in Progresns, Unreawnonably
long delivery of three momentary contact switchon hay dedayed the annvmbly
and mubrequent checkout of thin unit,  BWecauwe of this abnormal delay, plans
have heen made to substhtute olectrically equal and readily avatiable switchos
mountud on wubpanels,

3.4 ACCE4SORY EQUIPMENT
34,1 Holwlocks

The load supporting holelock Is shown Ip figure 14 with it Inner and outer
canes removed. The inner case provides a moisture free environment for
the operating mechanium when submerged in fluids up to 500 pal pressure,
The ouier cane in for mechanical protection of the supporting arms, The
holelock employn a motor driven Saginaw ball screw to extend and retract {1u
tWo mupporting arms, With the Arme extended and engaged In a caning Jolint,
the holelock aupportas the {natrument welght and forces the selnmometer pack.
Age againmt the caning,

The stabilining holelock is shown In figure I8, This device uxtend:s a pair of
plungers which engage the casing at two Points in the horisontal plene 120°
apart, When the plungers engage the caning, a stationary shoe attached to the
outer caae of the stabilining holelock In forced into contact with the caning,

It haw been suggeated that this support {s hecessary to provide intimate con-
tact betwaen the seismometer and the casing and thus ensure Acceptable earth
coupiing, Oering seals have been employed at all cane openings to provide a
watertight assembly at the design operating pressure of 800 pad,

3, 4,2 Cables and Connectora
W

When no suitable Waterproof electrical connector could be located, Geotech
designed and built the connector shown in figure 16, The phywical sine of
oxisting 48 pin connectors were considered prohibitive, The connector pro.
vides 55 slectrical contacts, an anchor for the cable's center strain member,
and effective moisture sedling at an external pressure of 800 pai,

The signal and control cable used to electrically connect ‘he instrument to the
surface {a a specially fabricated cable having 4 shielded and 40 unshielded
paires of No, 24 AWG copperweld conductors, A steel strain member with a
800 1b breaking limit is located in the cable center for support of the cable
only, The cable {s rubber filled and has a vinyl outer Jacket,
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Figure 14, Load supporting holelock used at the lower end of the LP trianial selomometer
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STABLIZING PLUNOER
ONE QF TWO

Figure 18, Stabilizing holelock used ot the uppet end cf the LP irlaxlel selsmemeter
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Figure 16, Bpecial connector required ror eleciricsl connaction of the LP triaxial sel
multiconductor cable thontier o fhe
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3, 4.3 Inmtallation Equipment

Asimuthal orientation of the triaxial seismometer in connidered of major
impottunce, To provide this orientation at inttial inntallation and to permit
further adjustments during flold tenting, wpecial inataliation devices must he
used, These devices are shown in figures 17 and 18, The stinger of Hgure 17
iw alwo shown in figure | attached to the instroment package,

The rvershot, shown in figure 17, engages the stinger for positioning the
seismomaeater, To engage the stinger, the overshot ia lowered until it makon
contact, 1t in then nliowed to rotate counterclockwine until it "hottoma, "' The
overshot is then lifted straight up to lock it on the stinger,

To dimengage the atinger, the overwhot must be jowerad slightly (about 3/4 in,)
and then rotated at least 48° clockwine (viewing from ahove), It can then be
lifted clear of the stinger,

The overshot is positioned by means of a string of 10 fi long sactions of
senmlons mechanical steel tubing, The endws of tho tubing wections, aw well

ap the overshot, are fitted with keyed jointe as shown in figure 18, The
instrument ig lowered or raised in 10 ft increments an iengths of tubing are
added or removed, The overshot and the tubing string are digengaged from
the seiamometer after the inatrument is wecurely located in the hele, The
tubing string {8 complately removed from the hole during operation and munt
be reatthched to he instrument when relocation or removal of the asismometar
is necessary.

The instrument is raised or lowevred by means of a 1=ton capacity electric
chain hoist suspended from a 20 ft tripod centered over the hole, The aignal
cable is spooled in or out of the hole by & small olactricaily driven winch at
she same rate the chain hoist lowers or raises the seismometer,

4, FIELD MEASUREMENTS WITH THE LONG.PERIID
TRIAXIAL BOREHOLE SEISMOMETER, TASK ld

Field measurements to collect and analyre long=period data to determine signal
and noise characteristics in a shallow hole at the Uinta Basin Seismological
Observatory is expected to bagin the first part of October 1967, This evalua-
tion will be concentrated upon a performance comparison of the triaxial seis-
mometer with the conventional advanced longs=period seismomaeters,

A achedule for the completion of work under Project VELA T/6706 i» shown

in figure 19, The schedule reflects the dates for work on exiating tasks as
well a8 the dates for proposed work under Task le.
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-db=

TR 6781

M AR W NN B G R ] A Bl



ITHEL TUBING

KEYHD JOINT

Figore 16, Koyed cousiings fof malrteining orlentation of the LP triaxiel seiemometer o S

-l
TR 67-51



MONTHLY SCHEDULE
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Pigure 10, Schadule for completion of work under Projest VELA T/6704
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APPENDIX to TECHNICAL REPORT NO, 6751
STATEMENT OF WORK TO BE DONE




NXHIBIT A"

AYTAC p,Efﬂﬁfﬂiﬁinfﬁrﬁfﬂfxﬁgwnf T/6706 .

.t AYot
¢ I & I \...

a, [Ix c‘gg g§ Ihoym,x N o« Continue the experi-
mental invastigation, define I"ln rojeat y OF thevmal nolse com=

ponants in seismograph systams, uaing tornional pendulums and asscciated
equipment availadble from that projeet, Determine experimentally the

spectral distributions of thermal nolse in selsmograph systems and ecompare
the experimantal results with theoratical predictions, as those derived

by the National Bureau of Btandarda, for example, Provide data and

methods fer determining the ultimate posaible magnification of A setdmograph,
Work on this task i{s to be completed within /. months of the initial autho-

rieation date,

b, opmant gf a l@g.-gafio riaxisl %ggg?g;g !ginmemfgg:. Modify
the "Melton" longe-pariod triaxia o%l'}momur developed under Projeet V1/072

to adapt it for routine operation in shallow (200-foot) boreholes, Reduce
the seismometer's diameter a0 it will fit {nside standard 13,373-inch oute
oide diamater shallow-well casing, Develop and add a suitable level eensor
and remotely-controlled lavalling device,

0 r.:.ehmamq..{.z.m{m =Fer &QLL%LMMMMML:
Prepare a cased, shaliow borehole «t & seiamologleal obuservatery to

be designated by the AFTAC projeat officer, Aswembla handling equipment
for installing the seismometer, Conduct preliminary tests of the modified
{natiument in the teat hole to determine its stability and the effeets of
temperature and local tilting as funotiena of depth, Through the use of
improved installstion techniques, selective filtering, design improvement
or other means, develop & method for operating the aeismometer eo that
magnifioation in the 10 to 100 eeo period band {e limited enly by propa-
gating seismic nolee,

d.  Liald Messurenanss wich the lopusPariod Trigiat Jorehols Setsnenssas.
Colleat and analyne data teo determine lonj<per{od signal and nolse characters

datics in ahallow boreholes, to identify principal long-peried seismic noise
components, to aseertain depth-environmental effests, and to compare the
performance of the triaxial borehole seismometer with etandard longeperiod

seismomesers,

2, engs! Provide report as speoified by 0D Form 1423, with
Attachment 1 thereto,

»
aou“ﬂ'“o AP 33(657)=16406




Attaohment 1 to DD Form 14R)
fort
AFTAC Project Authorization No., VELA T/6706

1. (eperal) Provide monthly, quarterly, final, and special reports in
ascordance with sentence 1, paragraph 1l of Date Ttem 8+17-12,0, AFSCM
310-1; however, if that data item eonfliets with the {nstrustions of
paragraph 2 below, the latter will take precedence,

2. Reports!

a, Menthly ngg; 522“I§I° A monthly letter-type status report in
16 copies, aummf%'n ng work for the calendar month, will be aubmitted to
AFTAC b§ the Sth day of the following month, Kach report will be idens
tified by the data listed in pavagraph 2e and will include, but not be

limited to, the following subjoct areas:

(1) Technical Status., Include accomplishments, problems
encountered, future plans, actions required by the givernment, and
appropriate illustrations and phntographs,

(2) Financial Starus, The contraetor will follow the provisione
of Data Item A=13-17,0, AFACM J10-1A (Cost Planning and Appreisal Unit),
in submitting financial data,

For the last month of each report period covered by a quarterly progress
raport, the monthly status report need include only the financlal informa.

tion,

b, QM‘;ilf r ) « Quarterly nrogress reports‘'in %0
copies, summarising work for Jemonth pericds, will be submitted to AFTAC
within 15 days after the close of aach such period, Euch report will de
identified by the data liated in paragraph 2e¢ and will inelude the notices
listed {n paragraph 2, ¥ach repor® will present a procise and factual
discusaion of the technioal findings and accomplishments for the entire
veport period, using a format similar to that of the firal reports under
Contract AF 33(657)=9967, as well as the technical information ordinaxily
required in the monthly reperts,

o, Finnl P!Egggi. The final report on Task la will be submitted in
50 ecpies to within 00 days after work on that project is completed;

the final report on the remaining tasks will be submitted in 50 coples
withia 60 days after the completion of all work, FKach repert will be
{dentified by the data listed in paragraph 2e and will {nclude the notices
1iated in paragréph 2f, Each report will present a complete and factual
discussion of the technical findings and accomplishments of the projeet
tasks, using the quarterly-report format,

d, Bpecie} Reperts.

(1) Bpecial reporte of major events will be forwarded by telephone,
talegraph, or separate letter as they oveur and should be ineluded in the

JON
puc? AP 33(687)-26406
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following monthly veport, Bpecific itema are to {nclude, but are net
restrioted tc program delays, program breakthroughs, and changes in

fundiny requirements,

(2) HBpecial technisal reports may be required for instrument
evaluations, project rvecommendations, and special wtudies when it 1a
more desirable to have these items reported aeparately from the quarterly
or final reporta, #8pecifie format, content, number of copies, and due
dates will be furnished by this headquartsrs,

(3 Al seismograms and operating logs, including pertinent

information concerning time, date, type of instruments, magnification,
ete,, will be provided whew raquested by the AFTAu project officer,

e, %%gnﬁ%{*ggg%gn_&gg*. All monthly, quarterly, and final reports
will be tdent{fied by the following datai

AYTAC Project No, VELA T/6706,
Project Title,

AIPA Order No, 624,

ARPA Program Code No. 6VM0,
Name of Contraetor.

Contract Number,

rffactive Date of Contract,

Amount of COontract.
Name and phone nunber of Project Maneger, Bcientist, or Enginser,

t Nosisas
(1) All quarcerly and final veports will tnclude the following
notices on the cover and firet page or title page!

Advanced Resaarchh Projects Agendy
Nucloar Test Ustection Office
ARPA Order No, 624

Qualified users may request copies of this dooument from|
Dafense Documentation Center

Cameron Ntation
Alexandria, Virginia 22341

. ‘ON
npD““T
EP AT 33(687)-16406




This research was supporced by the Advanced Research Projects !
Agency, Nuclear Test Detection Office, under the VELA=UNIFORM
Program and was yecomplished under the technical direction of

the Alr Foreq Technieal Applications Center under eontrsst ‘
U1 TiA R T

(2) All quarterly and final reports will include a eo y of
DD ¥orm 1473, Document Control Data - R4D (Refarence AYR 80-29), AFTAC

will deaignate tha appropriace Availability/Limitations Notice for use
on those forms,

AT 33(657)=1.640%
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v Washin

Duvelopment 7f the long-period triaxial seismometer and laboratory
testing of its characteristics is essentially complete, Manufacturing
charges in the mass-lock and period-adjust mechaniams are required
l1.ore they can be assembled on the seiamcmeter for laboratory and
Shake-table frequency response, the
effect of temperature changes on mass position, and the effect of
instrument tilt on the mass position and fres period are reported,

fleld tents of the instrument,
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